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(57) ABSTRACT 


Thermoplastic molding compositions, comprising 

A) from 10 to 99% by weight of at least one thermoplastic 
polyamide, 

B) from 0.01 to 50% by weight of 

Bl) at least one highly branched or hyperbranched polycar- 
bonate with an OH number of from 1 to 600 nig KOIl/g 
of polycarbonate (to DIN 53240, Part 2), or 

112) at least one highly branched or hyperbranched polyester 
ol A^By type, where x is at least 1.1 and y is at least 2.1. 

or a mixture of these, 

C) from 0 to 60% by weight of other additives, 

where the total of the percentages by weight of components 
A) to C) is 100%. 
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FLOWABLE POLYAMIDES WITH 

HYPERBRANCHED 
POLYESTERS/POLYCARBONATES 
[0001] The invention relates to thermoplastic molding 
compositions, comprising 

[0002] A) from 10 to 99% by weight of at least one 
thermoplastic polyamide, 

[0003] B) from 0.01 to 50% by weight of 
[0004 J HI J at least one highly branched or hyperbranched 
polycarbonate with an OH number of from 1 to 600 nig 
KOH/g of polycarbonate (to DIN 53240, Part 2), or 

[0005] B2) at least one highly branched or hyperbranched 
polyester of A^By type, where x is at least 1.1 and y is at 

[0006] or a mixture of these, 

[0007] C) from 0 to 60% by weight of other additives, 

where the total of the percentages by weight of components 
A) to C) is 100%. 

[0008] Tbu invention furlliei relates lo die use of Ihe 
inventive molding compositions for production of fibers, of 
foils, or of moldings of any type, and also to the resultant 

[0009] Polycarbonates arc usually obtained from the reac- 
tion of alcohols with phosgene, or from transesterificafion of 
alcohols or of phenols, using dialkyl or diarylcarbonates. 
Aromatic polycarbonates arc important industrially and are 
prepared, by way of example, from bisphenols, whereas 
aliphatic polycarbonates are less important in terms of 
market volume. In this connection, see also Becker/Draun, 
Kimststofl-Handbuch [Plastics Handbook] Vol. 3/1, Poly- 
carbonate, Polyacetale, Polyester, Celluloseester [Polycar- 
bonates, polyacetals, polyesters, cellulose esters], Carl- 
Hanser-Verlag, Munich 1992, pages 118-119. 
[0010] The aliphatic polycarbonates described are gener- 
ally linear or else have a structure with a very small degree 
of branching. For example, U.S. Pat. No. 3,305,605 
describes the use of solid linear polycarbonates whose 
molecular weight is above 15 000 dalton as plasticizers for 
polyvinyl polymers. 

[0011] Low-molecular-weight additives are usually added 
to thermoplastics in order to improve flowability. However, 
these additives have very limited effectiveness because, for 
example, the fall-off in mechanical properties becomes 
unacceptable when the amount added of the additive is 

[0012] High-functionality polycarbonates of defined 
structure have been known only for a short time. 
[0013] S. V. Kannard and N. j. Davis, J. Am. Chem. Soc. 
2000, 122, 11729 describe preparation of perfectly branched 
dendrimeric polycarbonates via reaction of carbonylbisimi- 
dazole, as phosgene-analogous compound, withbishydroxy- 
ethylarnino-2-prapanol. Syntheses to give perfect dendrim- 
ers have four stages and are therefore expensive and not very 
suitable for industrial scale-up. 

[0014] D. H. Bolton and K. L. Wooley, Macromolecnles 
10P7, 30, 1890 describe the preparation of high-molecular- 


weight, high-rigidity hyperbranched aromatic polycarbon- 
, t i t 1 1 -tra(4'-hydroxy)phenyk11iaiie with 
carbonylbisimidazole. 

[0015] Hyperbranched polycarbonates may also be pre- 
pared as in WO 98/50453. In the process described there, 
triols are again reacted with earbonylbisimidazole. The first 
product is imidazolides, and these are then further reacted 
intermolecularly to give the polycarbonates. The method 
mentioned gives the polycarbonates in the form of colorless 
or pale yellow rubbery products. 

[0016] The syntheses mentioned giving highly branched 
or hyperbranched polycarbonates have the following disad- 
vantages: 

[0017] a) the hyperbranched products either have high 

melting point or are rubbery, and 
[0018] this markedly restricts subsequent processahiliry. 
[0019] b) imidazole liberated during the reaction has to be 

removed from the reaction mixture m a complicated 

process. 

[0020] c) the reaction products always comprise terminal 
imidazolide groups. These groups are labile and have to 
be converted into, for example, hydroxy groups by way of 
a subsequent step. 
[0021] d) carbonyldiimidamle is a comparatively expen- 
sive chemical which greatly increases raw materia! costs. 
[0022] WO-97/45474 discloses thermoplastic composi- 
tions which comprise dendrimeric polyesters in the form of 
an AB 2 molecul t po e [ere olyhydt >n lol 
as core molecule reacts with dunelhytolpropionic acid as 

ABj molecule lu give a dendiiwerie pulyeslet. This com- 
prises only OH functionalities at the end of the chain. 
Disadvantages of these mixtures are the high glass transition 
temperature of the dendrimeric polyesters, the compara- 
tively complicated preparation process, and especially the 
poor solubility of the dendrimers in the polyamide matrix. 
[0023] According to the teaching of DE-A 101 32 928, the 
incorporation of branching agents of this type by means of 
compounding and solid-phase post-condensation improves 
mechanical properties (molecular weight increase). Disad- 
vantages of the process variant described are the long 
preparation time and the disadvantageous properties previ- 
ously mentioned. 

[0024] DE 102004 005652.8 and DE 102004 005657.9 
have previously proposed novel flow improvers for polyes- 
ters. 

[0025] The prior art discloses additives for improving flow 
in polyamides: 

[0026] FR-A 28 33 603; hyperbranched polyamides as 

rheology modifiers for PA 
[0027] U.S. Pat. No. 0,541,599 soluble hypcrbrauclied 

polyamides and their use, inter alia as rheology modifiers 

for thermoplastics 
[0028] DE-A 102 51 294: branched PA as additive for 

transparent, amorphous PAs 

[0029] DE-A 102 55 044: termmal-polyfunctional (i.e. 
branched, hyperbranched, dendritic) polymers of the 
group of polyesters, polyglycerols, polyethers as rheology 

modifiers in PA and PBT. 
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[0030] EP-A 682 057 describes an improved-flow nylon-6 
with a specific first-generation 1 ,4-diammobY4tane[4]propy- 
lamine dendrimer. DE-A 19953 950 describes flowabie 
compounded polyamide materials witb highly branched 
polyetheramiaes as reagent. The flow improver in this case 
is synthesized from monomelic oxazoline units. The effect 
first becomes apparent on addition of 10% of polyetheram- 
ide. Universal applicability is lacking in both examples, and 
moreover the synthesis of the dendrimers described is incon- 
venient and expensive. The improvement in flow activity, 
5V„, is not entirely satisfactory, and a fall off in mechanioal 

properties is also observed. 

[0031] It was therefore an object of the present invention 
to provide thermoplastic polyamide molding compositions 

[0032] Accordingly, the molding compositions defined at 
the outset have been found. Preferred embodiments are 
found ia the subclaims. 

[0033] The inventive molding compositions comprise, as 
component A), from 25 to 99% by weight, preferably from 
30 to 98% by weight, and in particular from 40 to 95% by 
weight, of at least one polyamide. 

[00.14] The poIViimides of the inventive molding compo- 
sitions generally have a viscosity number of from 90 to 350 
ml/g, preferably from 110 to 240 ml/g, determined in a 0.5% 
strength by weight solution m yb% strength by weight 
sulfuric acid at 25" C. to ISO 307. 

[0035] Semioryslalline or amorphous resins wilh a 
i lecular w igli veigh i ij i o1 it i > 50 Ml , 
those described in the American patent specifications U.S. 
Pat. Nos. 2,071,250, 2,071,251, 2,130,523, 2,130,948, 
2,241,322, 2,312,966, 2,512,606 and 3,393,210 are pre- 

[0036] Examples of these are polyamides derived from 
lactams having from 7 to 13 ring members, e.g. polycapro- 
lactam, polycaprylolactam, and polylauroiactam, and also 
polyamides obtained via reaction of dicarboxylic acids with 

[0037] Dicarboxylic acids which may be used are 
alkanedicarboxylic acids having from 6 to 12, in particular 
from6to 10, carbonatoms, and aromatic dicarboxylic acids. 
Acids which may be mentioned here merely as examples are 
adipic acid, azelaic acid, sebacic acid, dodecanedioic acid 
and terephihalic and/or isophthalic acid. 

[0038] Particularly suitable diamines are allcanediamines 
having Hum 6 lu 12, in particular frum 6 Lu o, carbon aluuis, 

and also m-xylylenediamine, di(4-aminophenyI)methane, 
di(4-aminocyclohexyl)methane, 2,2-di(4-aminophenyl)pra- 
pane, 2,2-di(4-arninocyclohexyl)propane or l,5-diarnino-2- 
methylpentane. 

[0039] Preferred polyamides are polyhexamefeyleneadi- 
pamide, polyhexamethylenesebacamide and polycaprolac- 
tam, and also nylon-6/6,6 copolyamides, in particular having 

[0040] Other suitable polyamides are obtainable from 
w-armnoalkyl nitriies, e.g. aminocapronitrile (PA 6) and 
adipodinitrile with hexamethylenediamine (PA 66) via what 


is known as direct polymerization in the presence of water, 
for example ae deEcribed in DE-A 10313*81, EP A 1198401 
and EP 922065. 

[0041] Mention may also be made of polyamides obtain- 
able, by way of example, via condensation of 1,4-diami- 
nobutane with adipic acid at an elevated temperature (nylon- 
4,6), Preparation processes for polyamides of this structure 
are described by way of example in EP-A 38 094, EP-A 38 
582, and EP-A 39 524. 

[0042] Other suitable examples ore polyamides obtainable 

via copolymerization of two or more of the abovementioned 
monomers, and mixtures of two or more polyamides in any 
desired mixing ratio. 

[0043] Other polyamides which have proven particularly 
advantageous are semiaromatic copolyamides, such as PA 
6/6T and PA 66/6T, where the triamine content of these is 
less than 0.5% by weight, preferably less than 0,3% by 
weight (see EP-A 299 444 and EP-A 667 367). 
[0044] Preferred polyamides are composed of; 
[0045] Al) from 20 to 90% by weight of units which 

derive from terepjith L cid slJ »il h n miclhy] icdi- 

auihie, 

[0046] .42) from 0 to 50% by weight of units which derive 

from e-caprolactam, and 
[0047] A3) from 0 to 80% by weight of units which derive 

from adipic acid and from hexamethylenetf amine, 

[0048] A4) from 0 to 40% by weight of other polyamide- 
fonning monomers, where the proportion of component 
(A2) or (A3) or (A4) or their mixtures is at least 1 0% by 

[0049] Component Al) comprises from 20 to 90% by 
weight of units which derive fromterephfhalic acid and from 
hexamethylenedi amine. 

[0050] The copolyamides comprise, alongside the units 
which derive from terephthalic acid and from hexamethyl- 
enediamine, units which derive from e-caprolactam and/or 

nnits which derive- from adipic acid and from liexauiethyl- 
enediamine and/or units which derive from other polyamide- 
forming monomers. 

[0051] The proportion of units which derive from e-ca- 
prolactam is at most 50% by weight, preferably from 20 to 
50% by weight, in particular from 25 to 40% by weight, 
while the proportion of units which derive from adipic acid 
and from hexamethylenediamine is up to 80% by weight, 
preferably from 30 to 75% by weight, and in particular from 
35 to 60% by weight. 

[0052] The copolyamides may also comprise not only 
units from e-caprolactam but also iinits from adipic acid and 
hexamethylenedirirriine; in this case, it is advantageous for 
the proportion of units free from aromatic groups to be at 
least 10% by weight, preferably at least 20% by weight. The 
ratio of the units which derive from e-caprolactam and from 
adipic acid and from hexamethylenediamine is not subject to 

[0053] Polyamides having from 50 to 80% by weight, in 
particular from 60 to 75% by weight, of units which derive 
from terephthalic acid and from hexamethylenediamine 

(units Al)) and from 20 to 50% by weight, preferably from 
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25 to 40% by weight, of units which derive from E-capro- 
lactam (unite A2)) have proven particularly advantageous 
for many applications. 

[0054] The semiaromatic copolyamides can comprise, 
alongside 1he units Al) to A3) described above, amounts of 
up to 40% by weight, preferably from 10 to 30% by weight, 
and in particular from 20 to 30% by weight, of other 
polyamide-forming monomers A4), these being known from 
other polyamides. 

[O0SS] Aromatic dicarboxylic acids A4) have from 8 to ) 6 

carbon atoms. Examples of suitable aormatic dicarboxylic 
acids are isophthalic acid, substituted terephthalic acid and 
substituted isophthalic acid, e.g. 3-tert-butylisophthalic acid, 
polynuclear dicarboxylic acids, e.g. 4,4'- and 3,3'-biphenyl- 
dicarboxylic acid, 4,4'- and 3,3'-diphenylmethane-dicar- 
boxylic acid, 4,4'- and 3,3'-diphenyl sulfone dicarboxylic 
acid, 1,4- or 2,6-naphthalenedicarhoxylic acid, phenoxy- 
terephthalic acid, particularly preferably isophthalic acid. 
[0056] Other polyamide-forming monomers A4) can 
derive from dicarboxylic acids having from 4 to 16 carbon 
atoms and from aliphatic or cycloaliphatic diamines having 
from 4 to 16 carbon atoms, and also from aminocarboxyiic 

carbon atoms Sm t m ih \ >e \ hich maybe 
mentioned here merely by way of example are suberic acid, 
azclaic acid, or scbacic acid as representatives of the ali- 
phatic dicarboxylic acids, 1 ,4-butancdiaminc, 1,5-pen- 
li (i imi n u ne M liuminudk iulicxylmcthane 
2,2-(4,4'-diamwo-dicyclohexyl)propane, 3,3'-dimethyl-4,4'- 
dianunodicyclohcxylmcthaiic, or mcta-xylylenediamine as 
representatives of the diamines, and caprylolactam, enan- 
i r d and hiuiuhiuam as 

representatives of lactams and aminocarboxyiic acids. 
[0057] The following constitutions of component (A) are 
particularly preferred here: 

[0058] Al) from 65 to 85% by weight of units which 
derive from terephthalic acid and from hexamethylenedi- 

[0059] A4) from 15 to 35% by weight of units which 
derive from isophthalic acid and from hexaniethylenedi- 


[0060] Al) from 50 to 70% by weight of units which 
derive from terephthalic acid and from hexamefhylenedi- 

[0061] A3) from 10 to 20% by weight of units which 
derive from adipic acid and from hexamethylenediamine, 
and 

[0062] A4) from 20 to 30% by weight of units which 
derive from isophthalic acid and from hexamethylenedi- 

[0063] If component (A) comprises symmetrical dicar- 
boxylic acids in which the carboxy groups are in para-S 
* ilion, it is «ul\ isable lo structure these with (Al ) and (A2 ) 
or (Al) and (A3) as ternary copolyamides, since otherwise 
the copolymer would have an excessively high melting point 
and would only melt with decomposition, this being unde- 
sirable. 

[0064] Other copolyamides which have proven particu- 
larly advantageous are those semiaromatic copolyamides 


whose triamine content is less than 0.5% by weight, pref- 
eraMy less than 0.3% by weight. 

[0065] Semiaromatic copolyamides prepared by most of 
the known processes (cf. U.S. Pat. No. 4,603,166) have 
triamine contents above 0.5% by weight, and mis leads to 
impairment of product quality and to problems in continuous 
preparation. A particular triamine which may be mentioned 
of causing these problems is dihexamethylene-triamine, 
which forms from the hexamethylenediamine used during 
the preparation process. 

[0066] Copolyamides with low triamine content have 
lower melt viscosities at the same solution viscosity, when 
compared with products of the same constitution whichhave 
high triamine content. This improves not only processibility 
but also product properties considerably. 

[0067] The melting points of the semiaromatic copolya- 
mides are in the range from 270 to 325° C, preferably from 
280 to 310° C, and this high melting point is also associated 
with a high glass Transition temperature which is generally 
□hove 75° C, in particular above 85° C. (in the dry state). 
[0068] Binary copolyamides based on lerephthalic acid, 
hexamethylenediamine and e-caprolactam have melting 
points in the region of 300° C. and (in tie dry state! a ulass 
U tstl m temperature above 1 i0"( I they ha' hi 1 70 
content of units which derive from lerephthalic acid and 
from hexamethylenediamine. 

[0069] Binary copolyamides based on terephthalic acid, 
adipic acid, and nexamethylene-diamine achieve melting 
points of 300° C. and above even at relatively low contents 
of about 55% by weight of units derived from terephthalic 
acidandhexan del ,i 1 jnvne 1 1 h 11 >< ut the gl ss ran 
sition temperature here is not quite as high as for binary 
copolyamides which compi c p J n p tead of adi- 
pic acid or adipic acid/HMD. 

[0070] According to the invention, the semiaromatic 
copolyamides are those whose degree of crystallinity is 
>10%, preferably >15%, and in particular >20%. 

[0071] The degree of crystallinity is a measure of the 
fraction of crystalline fragments in the copolymer and is 
determined via X-ray diffraction. 

[0072] The processes described in EP-A 129 195 and 129 
copolyamides with low triamine content. 
[0073] It is, of course, also possible to use mixtures of the 
semiaromatic copolyamides, the mixing ratio here being as 

[0074] The following list, which is not comprehensive, 
composes the polyamides A) mentioned and other polya- 
mides A) for the purposes of the invention, and the mono- 
mers present: 
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HexamethyLenediamine, sel 
Hexamethylencdiamine, an 


[0079] Thegi 
from -80 to + 

(according to DSC, DIN 53765). ' 
[0080] In particular, the viscosity (mPas) at 23° C. (to DIN 
53019") is from 50 to 200 000, in particular from 100 to 150 
000, and very particularly preferably from 200 to 100 000. 


[0082] a) reaction of at least one organic carbonate (A) of 
the general formula RO[(CO)0]„R with at least one 
aliphatic, aliphatic/aromatic, or aromatic alcohol (B) 
which has at least 30H groups, with elimination of alco- 
hols ROH to give one or more condensates (K), where 


PA L'CX'PACMl 


PA rW/MACMT as fl/cT + < 
PA 6T7MMXDT 


(see PA 61 and PA 6T) 
as PA 6I/6T + diaminodic; 
terephttmlic acid 


PA 1J/MACMT 
PAPDA-T 


[0083] ab) reaction of phosgene, diphosgene, or triphos- 
gene with abovenientioned alcohol (B) with elimination 
of hydrogen chloride and 


[0075] Tlie inventive molding compositions comprise, as 
ci mp neiKB), from 0.01 to 50% by weight, preferably Irom 
i J h} eight, and in particular from I Hi > 
■.'■eight, of Dt) at least one highly branched or hypcr- 
branched polycarbonate having an OH number of from 1 to 
600 mg KOH/g of polycarbonate, preferably from 10 to 550 
mg KOH/g of polycarbonate, and in particular from 50 to 
550 mg KOI-T/g of polycarbonate (to DIN 53240, Part 2) or 
of at least one hyperbranched polyester as component B2), 
or a mixture of these as explained below. 
[0076] For the purposes of this invention, hyperbranched 
polycarbonates Bl) are non-crosslinked macromolecules 
having hydroxy groups and carbonate groups, these having 
both structural and molecular nanunilormity. Their structure 
may firstly be based on a centra! molecule in the same way 
' ut with nonuniform chain length of the 
ly, they may also have a linear structure 
sndant groups, or else they may combine 
!, having linear and branched molecular 
portions. See also P. J. Flory, J. Am. Chem. Soc. 1952, 74, 
2718, and H. Frey et al., Chem. Eur. J. 2000, 6, no. 14, 2499 
!c and hyperbranched poly- 


[0077] "Hyperbranched" in the context of the present 
invention means that the degree of branching (DB), i.e. the 
average number of dendritic linkages plus the average 
number of end groups per molecule, is from 10 to 995%, 
preferably from 20 to 99%, particularly preferably from 20 
to 95%. "Dendrimeric" in the context of the present inven- 


e nf b) 


e from 


1 00%. See H. Frey et al., Acta Polym. 1 997, 48, 30 ibr the 
definition of "degree of branching". 

st Bl) preferably has a number-average 
rmss M~ of from 1 00 to 1 5 000 g/mol, preferably from 


[0078] 


[0085] where the qn ltitative proportion of the OH 

selected in such a way that the condensates (K) have an 
average of either one carbonate group and more than 
one OH group or one OH group and more than one 


[0086] Starting materials which may be used comprise 
phosphene, diphosgene, or triphosgene, preference being 
given to organic carbonates. 

[0067] Each of the radicals R of the organic carbonates (A) 
used as starting materia] and having the general formula 
RO(CO)OR is, independently of the others, a straight-chain 
or branched aliphatic, aromatic/aliphatic, or aromatic hydro- 
carbon radical having from 1 to 20 carbon atoms. The two 
radicals R may also have bonding to one another to form a 
ring. The radical is preferably an aliphatic hydrocarbon 
radical, and particularly preferably a straight-chain or 
branched alkyl radical having from 1 to 5 carbon atoms, or 
a substituted or unsubstnuted phenyl radical. 

[0088] Use is particularly made of simple carbonates of 
the formula RO(CO)OR; n is preferably from 1 to 3, in 
particular 1. 

[0089] By way of example, dialkyl or diaryl carbonates 
may be prepared from the reaction of aliphatic, araliphatic, 
or aromatic alcohols, preferably monoalcohols, with phos- 
gene. They may also be prepared by way of oxidative 
carbonylation of the alcobols or phenols by means ol CO in 
the presence of noble metals, oxygen, or NO,.. Inrelationto 
preparation methods for diaryl or dialkyl carbonates, see 
n's Encyclopedia of Industrial Chemistry", 6th 
i Electronic Release, Verlag Wiley- VCH. 
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[0090] Examples of suitable carbonates comprise ali- 
phatic, aromatic/aliphatic or aromatic carbonates, such as 

ethylene carbonate, propylene 1,2- or 1,3-carbonate, diphe- 
nyl carbonate, ditolyl carbonate, dixylyl carbonate, dinaph- 
thyl carbonate, ethyl phenyl carbonate, dibenzyl carbonate, 
dimethyl carbonate, diethyl carbonate, dipropyl carbonate, 
dibntyl carbonate, diisobutyl carbonate, dipeniyl carbonate, 
dihexyl carbonate, dicyclohexyl carbonate, diheptyl carbon- 
ate, dioctyl carbonate, didecyl carbonate, or didodecyl car- 

[0091] Examples of carbonates in which ti is greater than 
1 comprise dialkyl dicarbonates, such as di(tert-butyl)dicar- 
bonate, or dialkyl tricarbonates, such as di(tert-butyl)tricar- 

[0092] It is preferable to use aliphatic carbonates, in 
particular those in which the radicals comprise from 1 to 5 
carbon atoms, e.g. dimethyl carbonate, diethyl carbonate, 
dipropyl carbonate, dibutyl carbonate, or diisobutyl carbon- 

[ 0093] The organic carbonates are reacted with at least one 
aliphatic alcohol (B) which has at least 3 OH groups, or with 
mixtures of two or more different alcohols. 
[0094] Examples of compounds having at least three OH 
groups comprise glycerol, trimethylolmethane, trimethylo- 
lethane, trimethylolpropane, 1 ,2,4-hutanetriol, trisfhy- 
d o vmethvllamme, tnsfhydroxyelhvl ™m j Insdi di i 
ypropyljarimie, pciuacrylliritol, di glycerol, Iriglyecrol, 
p I v « In methylolpropanc), rris (hydroxy methyl - 
'Ireocynnurale, lris(hydn)xyelhyl)isocyanurale. phlomghici- 
nol, tnhydroxytoluene. trihydroxydimethylbenzene, phloro- 
tttacid hcxahydr»x> l 1 1 ■ >cii7xmcrrimethanol, 
1 -1,1 -lris(4Miydroxypheny1)meLhane, l,l,l-tris(4'-hydrox- 
yphcnyi)c.thane, bis(trirnethylolpropane), or sugars, e.g. glu- 
cose, trihydric or higher-funetionalily polyethetols based on 
irihydric or higher-functionality alcohols and ethylene 
oxide, propylene oxide, or butylene oxide, or polyesterols. 
Particular preference is given here to glycerol, trimethylo- 
letham liinicthylolpropane, 1,2,4-butanetriol, pentaerythri- 
tol, and their polyetherols based on ethylene oxide or 
propylene oxide. 

[0095] These polyhydric alcohols may also be used in a 
mixture with dihydric alcohols (B 1 ), with the proviso that the 
average OH functionality of the totality of all of the alcohols 
used is greater than 2. Examples of suitable compounds 
having two OH groups comprise ethylene glycol, diethylene 
glycol, triethylene glycol, 1,2- and 1,3-propanediol, dipro- 
pylene glycol, tripropylene glycol, neopentyl glycol, 1,2-, 
1,3-, and 1,4-butanediol, 1,2-, 1,3-, and 1,5-pentanediol, 
hexanediol, cyclopentanediol, cyclohexanediol, cyclohex- 
anedimethanol, bis(4-hydroxycyclohexyl)methane, bis(4- 
hydroxycyclo-hexyl)ethane, 2,2-bis(4-hydroxycyclohexyl- 
)propane, l,l'-bis(4-hydraxyphenyl)-3,3,5- 
trimelhylcyclohexane, resorcinol, hycroauinone, 4,4'- 
dihydroxyphenyl, bis(4-bis(hydroxyphenyI)sulfide, bis(4- 
hydroxyphenyl)sulfone, bis(hydroxymethyl)benzene, 
bis(hydroxymemyl)tohiene, bis(p-hydroxyphenyl)rnethane, 
bis(p-hydroxyphenyl)ethane, 2,2-his(p-hydroxyphenyl)pro- 
pane, l,i-bis(p-hy<toxyphenyl)cyc]ohexane, dihydroxyben- 
zophenone, dihydric polyether polyols based on ethylene 
oxide, propylene oxide, butylene oxide, or their mixtures, 
polytetrahydrofuran, polycaprolactone, or polyesterols 
baoed on diols and dicarboxylic acids. 


[0096] The diols serve for fine adjustment of the properties 
of the polycarbonate. If use is made of dihydric alcoholE, the 
ratio of dihydric alcohols B') to the at least trihydric alcohols 
(B) is set by the person skilled in the art as a function of the 
desired properties of the polycarbonate. The amount of the 
alcohol(s) (B'} is generally from 0 to 39.9 mol %, based on 
the entire amount of the totality of all of the alcohols (B) and 
(B r ). The amount is preferably from 0 to 35 mol %, particu- 
larly preferably from 0 to 25 mol %, and very particularly 
preferably from 0 to 10 mol %. 

[0097] The reaction of phosgene, diphosgene, or triphos- 
gene with the alcohol or alcohol mixture generally takes 
place with elimination of hydrogen chloride, and the reac- 
tion of the carbonates with the alcohol or alcohol mixture to 
give the inventive high-fimctionality highly branched poly- 
carbonate takes place with elimination of the monohydric 
alcohol or phenol from the carbonate molecule. 

[Ouys] After the reaction, i.e. without further modification, 
the high-functionaKty highly branched polycarbonates 
formed by the inventive process have termination by 
hydroxy groups and/or by carbonate groups. They have good 

soiubijlly in various solvents, e.g. in wilier, tik-oliols, snc,h.*i5 

methanol, ethanol, butanol, alcohol/water mixtures, acetone, 
2-butanonc, ethyl acetate, butyl acetate, mcllioxypropyl 
acetate, methoxyethyl acetate, tctrahydroftiran, dimethylfor- 
mamide. dimethvlacetamide, N-methvlpyrrolidone. ethyl- 
ene carbonate, or propylene carbonate. 

[0099] For the purposes of thin invention, a high-function- 
iJityi 'k ib iu > jr auil ' lcb 1 id he carbonate 
groups which form the polymer skeleton, furthet lids at least 
three, preferably at least six, more preferably .it le isl ten, 
terminal or pendant functional groups. The functional 
groups are carbonate groups and/or OH groups. There is in 
principle no upper restriction on the number of the terminal 
or pendant functional groups, but products having a very 
high number of functional groups can have undesired prop- 
erties, such as high viscosity or poor solubility. The high- 
functionality polycarbonates of the present invention mostly 
have not more than 500 terminal or pendant functional 
groups, preferably not more than 100 terminal or pendant 
functional groups. 

[0100] When preparing the high-functionality polycarbon- 

' — « i if it ^ n> ijjiisi Uiuial 'iii unpi i 
comprising OH groups to phosgene or carbonate in such a 
way that the simplest resultant condensate (hereinafter 
termed condensate (K)) comprises an average of either one 
carbonate group or carbamoyl group and more than one OH 
group or one OH group and more than one carbonate group 
or carbamoyl group. The simplest structure of the conden- 
sate (K) composed of a carbonate (A) and a di- or polyal- 
cohol (B) here results in the arrangement XY n or Y a X, where 
X is a carbonate group, Y is a hydroxy group, and n is 
generally a number from 1 to 6, preferably from 1 to 4, 
particularly preferably from 1 to 3. The reactive group which 
is the single resultant group here is generally termed "focal 
group" below. 

[0101] By way of example, if during the preparation of the 
simplest condensate (K) from a carbonate and a dihydric 
alcohol lie reaction ratio is 1:1, the average result is a 
molecule of XY type, illustrated by the general formula 1. 
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[0102] During the preparation of the condensate (K) from 
a carbonate and a trihydric alcohol with a reaction ratio of 
1 : 1, the average result is a molecule of XY 2 type, illustrated 


[0106] If difunctional compounds, e.g. a dicarbonate or a 
diol, are also added to the components, this extends the 
chains, as illustrated by way of example in the general 
formula 5. The average result is again a molecule of XY 2 
type, a carbonate group being focal group. 


■X/ 


II H °\ -ROK 


[0104] R in the formulae 1-3 has the definition given at the 
outset, and R 1 is an aliphatic or aromatic radical. 

[0105] The condensate (K) may, by way of example, also 
be prepared from a carbonate and a trihydric alcohol, as 
illustrated by the general formula 4, the molar reaction ratio 
being 2:1. Here, the average result is a molecule of X 2 Y 
type, an OH group being focal group here. In formula 4, R 
and R 1 are as denned in formulae 1-3. 


A, 


0 p-^-o— R 5 -« 


[0103] During lilt- preparation of [he condensate (K.) from 
a curbonalc and a tclndiydric alcohol, likewise with the 
reaction ratio 1:1 Ik ivcrage r< ill i mol lc of XY ; , 
type, illustrated by the general formula 3. A carbonate group 
is focal group here. 


[0108] It is also possible to use two or more condensates 
(K) for the synthesis. Firstly, two or more alcohols and, 
respectively, two or more carbonates may be used here. 
Furthermore, mixtures of various condensates of different 
structure can be obtained via the selection of the ratio of the 
alcohols used and of the carbonates and, respectively, the 

phosgenes. This will be illustrated taking the example of the 
reaction of a carbonate with a trihydric alcohol. If the 
starting materials are used in a ratio of 1 :1, as illustrated in 
01), the product is anXY 2 molecule. If the starting materials 
are used in a ratio of 2: 1 , as illustrated in (TV), the product 
is an X 2 Y molecule. If the ratio is between 1:1 and 2:1 the 
product is a mixture of XY, and X 2 Y molecules. 

[0109] According to the invention, the simple condensates 
(K) described by way of example in the formulae 1-5 
preferentially react intermolecularly to form high-ftmction- 
ality polycondensates, hereinafter termed polycondensates 
(P). The reaction to give the condensate (K) and to give the 
polycondensate (P) usually takes place at a temperature of 
from O to 250" C, preferably from SO ro 1 60° C, in bulk or 
in solution. Use may generally be made here of any of the 
solvents which are inert with respect to the respective 
starting materials. Preference is given to use of organic 
solvents, eg. decane, dodecane, ben7ene, toluene, ehln- 
robenzene, xylene, dimelhyllbrmamide, dimethylacetamide, 
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alcohol ROH liberated during the reaction can be removed 
by die dilation from the reaction equilibrium to accelerate the 
reaction, if appropriate at reduced pressure. 
[0111] If removal by distillation is intended, it is generally 
advisable to use those carbonates which liberate alcohols 
ROH with a boiling point below 1 40" C. during the reaction. 

[0112] Catalysts or catalyst mixtures may also be added to 
accelerate the reaction. Suitable catalysts are compounds 
which catalyze esterification or transesterifieation reactions, 
e.g. alkali melal hydroxides, alkali metal carbuiiiUes. alkiiii 
melal hydrogencarbonates, preferably of sodium, of potas- 
sium, or of cesium, tertiary amines, guanidines, ammonium 
compounds, phosphonium compounds, organoalurninum, 
organotin, organozinc, organontanium, organozirconium, or 
organobismuth compounds, or else what are known as 
double metal cyanide (DMC) catalysts, e.g. as described in 
DE 10138216 or DE 10147712, 

[0113] It is preferable to use potassium hydroxide, potas- 
sium carbonate, potassium hydrogencarbonate, diazabicy- 
clooctane (DABCO), diazabicyclononene (DBN), diazabi- 
eyclouudecene (DBU), imidazoles, such as imidazole, 
l-methyfimidazolc, or 1,2-dimethylmridnzole, titanium tet- 
rahuttvxide. titanium lelraisopmpoxide, dibulyltin oxide, 
dihuryltm dilaurate, stannous d'uioloaie. zirconium acetylac- 
etonate, or mixtures thereof, 

[0114] The amount of eala il fieiici b i ddo 1 is from 50 
to 1 0 000 ppm by weight, preferably from 1 00 io 5000 ppra 
by weight, based on the amount of the alcohol mixture or 
alcohol used. 

[0115] It is also possible to control the intermolecular 
polycondensation reaction via addition of the suitable cata- 
lyst or else via selection of a suitable temperature. The 
average molecular weight of the polymer (P) may moreover 
be adjusted by way of the composition of the starting 
components and by way of the residence time. 

[0116] The condensates (K) and the polycondensates (P) 
prepared at an elevated temperature are usually stable at 
room temperature for a relatively long period. 
[0117] The nature of the condensates (K.) permits poly- 
condensates (P) with different structures to result from the 
condensation reaction, these having branching but no 
crosslinking. Furthermore, in the ideal case, the polycon- 
densates (P) have either one carbonate group as focal group 
and more than two OH groups or else one OH group as focal 
group and more than two carbonate groups. The number of 
the reactive groups here is the result of the nature of the 
condensates (K) used and the degree of polycondensation. 

[0118] By way of example, a condensate (K) according to 
the general formula 2 can react via triple intermolecular 
condensation to give two different polycondensates (P), 
represented in the general formulae 6 and 7. 




[0119] la formula 6 and 7, R and R 1 are as denned above. 

[0120] There are various ways of terminating the inter- 
molecular polycondensation reaction. By way of example, 
the temperature may be lowered to a range where me 
reaction stops and the product (K) or the polycondensate (P) 
is storage-stable. 

[0121] It is also possible to deactivate the catalyst, for 
example in the case of basic catalysts via addition of Lewis 
acids or protonic acids. 

[0122] In another embodiment, as soon as the intermo- 
lecular reaction of the condensate (K) has produced a 
polycondensate (P) with the desired degree of polyconden- 
sation, a product having groups reactive toward the focal 
group of (P) may be added to the product (P) to tenninate the 
reaction. For example, in the case of a carbonate group as 
focal group, by way of example, a mono-, di-, orpolyamine 
may be added. In the case of a hydroxy group as focal group, 
by way of example, a mono-, di-, or polyisocyanate, or a 

which reacts with OH groups, can be added to the product 

(P). 

[0123] The inventive high-functionality polycarbonates 
are mostly prepared in the pressure range from 0.1 mbar to 
20 bar, preferably at from 1 mbar to 5 bar, hi reactors or 
reactor cascades which are operated batchwise, semicon- 

[0124] The inventive products can be further processed 
without further purification after their preparation by virtue 
of the abovementioned adjustment of the reaction conditions 

and, if appropriate, by virtue nf the selerrirm nf the suitable 

[0125] In another preferred embodiment, the product is 
stripped, i.e. freed from low-molecular-weight, volatile 

compounds. For this, once the desired degree of conversion 
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has been achieved the catalyst can optionally be deactivated 
and die low-molecular-weight volatile constituente, e.g. 
tnonoalcohols, phenols, carbonates, hydrogen chloride, or 
high-volatility oligomers or cyclic compounds can be 
removed by distillation, if appropriate with introduction of 
a gas, preferably nitrogen, carbon dioxide, or air, if appro- 
priate at reduced pressure. 

[0126] In another preferred embodiment, the inventive 
polycarbonates may acquire other functional groups besides 
the functional groups acquired by virtue of the reaction. The 
functionalization may take place during the process to 
increase molecular weight, or else subsequently, i.e. after 
completion of the actual polycondensation. 
[0127] If, prior to or during the process to increase 
molecular weight, components are added which have other 
functional groups or functional elements besides hydroxy or 
carbonate groups, the result is a polycarbonate polymer with 
randomly distributed functianahnes other than the carbonate 

[0128] Effects of this type can, by way of example, be 
chicvcdvj Idition, d ring Th p<>lyt.andensation, of com- 
pounds which bear other functional groups or functional 

clement;,, suels as HjciedpUj u,iuuj^, piiinuiv, scei mJijiY '■!! 

(i ia mm Mui] eth i up ,, derivatives of carhoxy- 
lie acids, derivatives of sulfonic acids, derivatives of phos- 
phoric acids, ailtinc groups, siloxanc groups, aryl radicals, or 
lone-chain alkvl radicals, besides hydroxy Rroups, carbonate 
groups or carbamoyl groups. Examples of compounds which 
may be used for modification by means of carbamate groups 
are ethanolainine, propanolamine, isopmj hh 1 mi ik 2 I'bu 
tylainino)cthanol, 2-(cyclohcxylamino)eflianol, 2-amtno-l- 
uitiusol 2-(2 - i i "i < 11 >v I i i 1 I ! m.u . lkoxylali i 
products or ammonia, 4-hydroxypiperidine, 1-hydroxyeth- 
ylpipcrazine, dicthanolamine, dipropanolamine, diisopro- 
panriamine, tris(hydroxymethyi)-aminomethane, tris(hy- 
dn i x ye Ihyljami nomethane, ethylenediamine, 
propylenediamine, hexamemylenediamine or isophoronedi- 

[0129] An example of a compound which can be used for 
modification with mercapto groups is mercaptoethanol. By 
way of example, tertiary amino groups can be produced via 
incorporation of N-methyldiewanolamine, N-methyldipro- 
panolamine or N,N-dimethylethanolamine. By way of 
example, ether groups may be generated via co-condensa- 
tion of dihydric or potyhydric polyetherols. Long-chain 
alkyl radicals can be introduced via reaction with long-chain 
alkanediols, and reaction with alkyl or aryl diisocyanates 
generates polycarbonates having alkyl, aryl, and urethane 
groups or having nrea groups. 

[0130] Addition of dicarboxylic acids or tricarboxylic 
acids, or, for example, dimethyl terephthalate, or tricarboxy- 
lic esters can produce ester groups. 

[0131] Subsequent funct omlimtion can be achieved by 
using an additional step of the process (step c)) to react the 
resultant high-functionality highly branched, or nigh-func- 
tionality hyperbranched polycarbonate with a suitable func- 

tionalizing reagent which can react with the OH and/or 

carbonate groups or carbamoyl groups of the polycarbonate. 

[0132] By way of example, high-functionality highly 
branched, or high-functionality hyperbranched polycarbon- 


tion of molecules comprising acid groups or comprising 

inocyanate groups. By way of example, polycarbonates 

comprising acid groups can be obtained via reaction with 
compounds comprising anhydride groups. 

[0133] High-functionality polycarbonates comprising 
hydroxy groups may moreover also be converted into high- 
functionality polycarbonate polyether polyols via reaction 
with alkylene oxides, e.g. ethylene oxide, propylene oxide, 
or butylene oxide. 

[0134] A great advantage of the process is its cusl-ejTec- 
tiveness. Both the reaction to give a condensate (K) or 
polycondensate (P) and also the reaction of (K) or (P) to give 
polycarbonates with other functional groups or elements can 
take place in one reactor, this being advantageous techni- 
cally and in terms of cost-effectiveness. 

[0135] The inventive molding compositions may com- 
prise, as component B2), at least one hyperbranched poly- 
ester of AxBy type, where 

x is at least 1.1, preferably at least 1 .3, in particular at least 


V is at WhkI 2.1. preferably at least 2.5, ill particular at least 
3. 

[0136] Use may also be made of mixtures us units A and'or 
B, of course. 

[0137] AnA x B y typo polyester io a condcnaulc composed 
Of an x-fttrictional molecule A and a y-funclional molecule 
H. By v if example nention ma; c made of a polyester 
composed of adipic acid as molecule A (x=2) and glycerol 
as molecule B (y=3), 

[0138] For the purposes of this invention, hyperbranched 
polyesters B2) are noncrosslinked macromolecules having 
hydroxy groups and carboxy groups, these having both 
structural and molecular nonuniformity. Their structure may 
firstly be based on a central molecule in the same way as 
dendrimers, but with nonuniform chain length of the 
branches. Secondly, they may also have a linear structure 
with functional pendant groups, or else they may combine 

portions. See also P. J. Flory, J. Am. Chem. Soc. 1952, 74, 
2718, and H. Frey et al., Chem. Eur. J. 2000, 6, no. 14, 2499 
for the definition of dendrimeric and hyperbranched poly- 

[0139] "Hyperbranched" in the context of the present 
invention means that the degree of branching (DB), i.e. the 
average number of dendritic linkages plus the average 
number of end groups per molecule, is from 1 0 to 99.9%, 
preferably from 20 to 99%, particularly preferably from 20 
to 95%. 

[0140] "Dendrimeric" in the context of the present inven- 
tion means that the degree nf branching is from 9Q.0 to 
100%. See H. Frey et al., Acta Polym. 1 997, 48, 30 for the 
definition of "degree of branching". 

[0141] Component B2) preferably has an M„ of from 300 
to 30 OOO g/mol, in particular from 400 to 25 000 g/mol, and 

very particularly from 500 to 20 000 g/mol, determined by 
means of GPC, PMMA standard, dimetbylacetamide ehient. 

[0142] B2) preferably has an OH number of from 0 to 600 
mg KOH/g of polyester, preferably of from 1 to 500 mg 
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KOH/g of polyester, in particular from 20 to 500 mg KOH/g 
of polyester to DIN 53210, and preferably a COOH number 

of from 0 to 600 mg KOH/g of polyester, preferably from 1 
to 500 mg KOH/g of polyester, and in particular from 2 to 
500 mg KOH/g of polyester. 

[0143] The T g is preferably from -50° C. to 140° C, and 
in particular from -50 to 100° C. (by means of DSC, to DIN 
53765). 

[0144] Preference is particularly given to those compo- 
nents D2) in which at least one OH or COOtl number is 

greater than 0, preferably greater than 0.1, and in particular 
greater than 0.5. 

[014S] The inventive component B2) is in particular 
obtainable via the processes described below, inter alia by 

reacting 

[0146] (a) one or more dicarboxylic acids or one or more 
derivatives of the same with one or more at least trihydric 
alcohols 

or 

[0147] (b) one or more tricarboxylic i Isorhighei oly- 

witn one or more diols 

in the presence of a solvent and optionally in the presence of 
an inorganic, nrganornetallic, or low-molecular-weight 
organic catalyst, or ot an enzyme. The reaction in solvent is 

[0148] For the purposes of she present invention, high- 
i ction lip hype i iDkuiJ , ilyc tcr * 2 > h rt c molecular 

mity distmguishes them from dendrimers, and they can 
therefore be prepared at considerably lower cost. 
[0149] Among the dicarboxylic acids which can be reacted 
according to variant (a) are, by way of example, oxalic acid, 
malonic acid, succinic acid, glutaric acid, adipic acid, 
pimelic acid, suberic acid, azelaic acid, sebacic acid, unde- 
cane-a,o>dicarboxylic acid, dodecane-a,co-dicarboxylic 
acid, cis- and trans-cyclohexane-l,:2-dicarboxyIic acid, cis- 
and trans-cyclohexane-l,3-dicarboxylic acid, cis- andtrans- 
cyclohexane-l,4-dicarboxylic acid, cis- and trans-cyclopen- 
tane-l,2-dicarboxylic acid, and cis- and trans-cyclopentane- 
1,3-dicarboxylic acid, 

[0150] and the abovementioned dicarboxylic acids may 
have substitution by one or more radicals selected from 
[0151] Ci-Cio-alkyl groups, such as methyl, ethyl, n-pro- 
pyl, iEopropyl, n-butyl, isobutyl, sec-butyl, tort -butyl, n-pen- 
tyl, isopentyl, sec-pentyl, neopentyl, 1,2-dimethylpropyl, 
isoamyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl, 
n-octyl, 2-ethylhexyl, n-nonyl, and n-decyl, 
[0152] C 3 C 12 cyclooikyl groups, ouch as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, eyclooc- 
tyl, cyclononyl, cyclodecyl, cycloundecyi, and cyciodode- 
cyl; preference is given to cyclopentyl, cyclohexyl, and 
cycloheptyl; 

[0153] alkylene groups, such as methylene or emylidene, 


[0154] C fi -C 14 -aryl groups, such as phenyl, 1-naphthyl, 
2-naphmyI, 1-anthryl, 2-anthryl, 9-anthryl, i^phcnanthryl, 


2-phenanthryl. 3-phenanthryl, 4-phenanfhryl, and 9-phenan- 
thryl, preferably phenyl, l-nophthyl, and 2-naphthyl, par- 
ticularly preferably phenyl. 

[0155] Examples which may be mentioned of representa- 
tives of substituted dicarboxylic acids are: 2-methyJmalonic 
acid, 2-ethylrnalonic acid, 2-phenyknalonic acid, 2-methyl- 
succinic acid, 2-ethylsuccinic acid, 2-phenylsuccinic acid, 
itaconic acid, 3,3-dimethylgliilanc acid. 

[01S6] Among the dicarboxylic acids which canbe reacted 
according to variant (a) are also ethylenically unsaturated 
acids, such as maleic acid and fumaric acid, and aromatic 
dicarboxylic acids, such as phthalic acid, isophthalic acid or 
terephthalic acid. 

[0157] It is also possible to use mixtures of two or more of 
the abovementioned representative compounds. 

[0158] The dicarboxylic acids may either be used as they 
stand or be used in the form of derivatives. 

[0159] Derivatives are preferably 

[0160] the relevant anhydrides in monomelic or else 
polymeric form, 

[0161] mono- or diattcyl esters, preferably mono- or 
dimethyl esters, or the corresponding mono- or diethyl 
esters, or else the mono- and dialkyl estere derived from 
higher alcohols, such as n-propanol, isopropanol, n-bn- 
tanol, isohvstannl, tcrt-hntano!, n-pcntamtl, n-liexanol, 

[0162] and also mono- and divinyl esters, and 

[0163] mixed esters, preferably methyl ethyl esters. 

[0164] In the preferred preparation process it is also pos- 
sible to use a mixture composed of a dicarboxylic acid and 
one or more of its derivatives. Equally, it is possible to use 
a mixture of two or more different derivatives of one or more 
dicarboxylic acids. 

[0165] It is particularly preferable to use succinic acid, 
glutaric acid, adipic acid, phthalic acid, isophthahc acid, 
terephthalic acid, or the mono- or dimethyl ester thereof. It 
is very particularly preferable to use adipic acid. 

[0166] Examples of al least trihydric alcohols which may 
be reacted are: glycerol, butane-l,2,4-triol, n-pentane-1,2,5- 
triol, n-pentane-l,3,5-triol, n-hexane-l,2,6-triol, n-hexane- 
1,2,5-triol, n-hexane-l,3,6-triol, trimefnylolbutane, trim- 
ethylolpropane or ditrimethylolpropane, trimethylolethane, 
pcntacrythritol or dipcntacrythritol; sugar alcohols, such as 

the above at least trihydric alcohols. It is preferable to use 
glycerol, trimethylolpropane, trimethylolethane, and pen- 
taerythritol. 

[0167] Examples of tricarboxylic acids or polycarboxylic 
acids which can be reacted according to variant (b) are 
rjenzene-l,2,4-tricarboxylic acid, benzene-l,3,5-tricarboxy- 

[0168] Tricarboxylic acids or polycarboxylic acids may be 
used in the inventive reaction either as they stand or else in 
the form of derivatives. 
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[0169] Derivatives are preferably 

[0179] the relevant anhydrides in monomelic or else 
polymeric form, 

[0171] mono-, di-, or trialkyl esters, preferably mono-, 

or triethyl esters, or else the mono-, di-, and triesters 
derived from higher alcohols, such as n-propanol, iso- 
propanol, n-butanol, isobutanol, tert-butanol, n-pen- 
tanol, n-hexanol, or else mono-, di-, or trivinyl esters 

[0172] and mixed methyl ethyl esters. 

[0173] For the purposes of the present invention, it is also 
possible to use a mixture composed of a tri- or polycarboxy- 
lic acid and one or more of its derivatives. For the purposes 
of tie present invention it is likewise possible to use a 
mixture of two or more different derivatives of one or more 
tri- or polycarboxylic acids, in order to obtain component 
B2). 

[0174] Examples of diols used for variant (b) of the 
prcswn n nlionan t! j le /i\col, ptopane-l,2-diol, pro- 
pane-l,3-diol, butane-l,2-diol, butane-l,3-diol, butane-1,4- 

dio], butane 2,3 diol, pontano 1,2 diol, pentane 1,3 diol, 
I i i i -i I I r ii u i i I. pcntfim tli pen 

me-2,4-dio.l liexanc 1 1 i a c > ( liol hexane-1,4- 
tliol, me-1.5-di i > n j. Ii i liol 

heptane-l,2-diol J 7 heptanediol, 1,8-octanediol, 1,2-oc- 
liincdiol, L!'-uuii!i[:i.'diol, 1,10-decanediol, 1,2-dccanedioI, 
1,12-dndecancdinl, 1,2-dodecancdioI, l,5-hexadiene-3,4- 

Ht>] i 1 pwilan di I .J h m Inn, inositol and 
derivatives, (2)-metkylpentane-2,4-diol, 2,4-dimethylpen- 

tanc-2,4-dioI, 2-ctliyihcxanc-l,3-diol, 2,5-dimcthyJhcxaric- 

2,5-diol, 2,2,4-trimewylpeutane-l,3-diol, pinacol, diethyl- 
cne glycol, triethylene glycol, dipropylene glycol, 
tripropylene glycol, polyethylene glycols 
H0(CH 2 CH 2 0) a — H or polypropylene glycols HO(CH 
[CH 3 ]CH 2 0) n — H or mixtures of two or more representative 
compounds of the above compounds, where n is a whole 
number and a-from 4 to 25. One, or else both, hydroxy 
groups here in the abovementioned diols may also be 
substituted by SII groups. Preference is given to ethylene 
glycol, propane-l,2-diol, and diethylene glycol, triethylene 
glycol, dipropylene glycol, and tripropylene glycol. 

[0175] The molar ratio of the molecules A to molecules B 
in the A^B y polyester in the variants (a) and (b) is from 4:1 
to 1:4, in particular from 2:1 to 1:2. 
[0176] The at least trihydric alcohols reacted according to 
variant (a) of the process may have hydroxy groups of which 
all have identical reactivity. Preference is also given here to 
at least trihydric alcohols whose OH groups initially have 
identical reactivity, but where reaction with at least one acid 
group can induce a fall-off in reactivity of the remaining OH 
groups as a result of steric or electronic effects. By way of 
example, this applies when trimethylolpropane or pen- 
taerythritol is used. 

[0177] However, the at least trihydric alcohols reacted 
nccmriiflg tn variant (a) may »1«n hmm nyrfrony gvnnps 

having at least two different chemical reactivities. 

[0178] The different reactivity of the functional groups 
here may either derive from chemical causes (e.g. primary/ 
secondary/tertiary OH group) or from sterie causes. 


[0179] By way of example, the triol may comprise a triol 
which has primary and secondary hydroxy groups, preferred 
example being glycerol. 

[0180] When the inventive reaction is carried out accord- 
ing to variant (a), it is preferable to operate in the absence 
of diols and monohydric alcohols. 

[0181] When the inventive reaction is carried out accord- 
ing to variant (b), it is preferable to operate in the absence 
of mono- or dicarboxylic acids. 

[0182] The inventive process is carried out in the presence 
of a solvent. Examples of suitable compounds are hydro- 
carbons, such as paraffins or aromatics. Particularly suitable 
paraffins are n-heptane and cyclohexane. Particularly suit- 
able aromatics are toluene, ortho-xylene, meta-xylene, para- 
xylene, xylene in the form of an isomer mixture, ethylben- 
zene, ehlorobenzene and ortho- and meta-dichlorobenzene. 
Other very particularly suitable solvents in the absence of 
acidic catalysts are: ethers, such as dioxane or tetrahydro- 
mran, and ketones, such as methyl ethyl ketone and methyl 
isobutyl ketone. 

[01 83] According to the invention, the amount of sulvonl 
added is at least 0. 1% by weight, based on the weight of the 
starting materials used and to be reacted, preferably at least 
1% by weight, and particularly preferably at least 1 0% by 
weight. It is also possible to use excesses of solvent, based 

on Hio woight of i-tnrtin^ mntorialr, vir.od niifl TO bv> r^ioLed, 

e.g. from 1.01 to 10 times the amount. Solvent amounts of 
more than 100 limes the weight of the starling material:; used 
and to be reacted are not advantageous, because the reaction 
rate reduces markedly at markedly lower concentrations of 
Die re;jct;j|)t5, giving uiiecunurnieiilly long reaction times. 

[0184] To carry out the process preferred according tn the 
invention, operations may be carried out in the presence of 
a dehydrating agent as additive, added at the start of the 
reaction. Suitable examples are molecular sieves, in particu- 
lar 4 A molecular sieve, MgSO„, and Na 2 S0 4 . During the 
reaction it is also possible to add further dehydrating agent 
or to replace dehydrating agent by fresh dehydrating agent. 
During the reaction It is also possible to remove the water or 
alcohol formed by distillation and, for example, to use a 
water separator. 

[0185] The process may be carried out in the absence of 
acidic catalysts. It is preferable to operate in the presence of 
an acidic inorganic, organometallic, or organic catalyst, or a 
mixture composed of two or more acidic inorganic, orga- 
nometallic, or organic catalysts. 

[0186] For the purposes of the present invention, examples 
of acidic inorganic catalysts are sulfuric acid, phosphoric 
acid, phosphoric acid, hypophosphorous acid, aluminum 
sulfate hydrate, alum, acidic silica gel (pH-6, in particular 
=3), and acidic aluminum oxide. Examples of other com- 
pounds which can be used as acidic inorganic catalysts are 
aluminum compounds of the general formula Al(OR) 3 and 
titanates of the general formula Ti(OR) 4 , where each of the 
radicals R may be identical or different and is selected 
independently of the others from 

[0187] Ci-Cj 0 -alkyl radicals, such as methyl, ethyl, n-pro- 
pyl, isopropyl, n-butyl, isobutyl, sec-butyl, ten-butyl, n-pen- 

tyl, isopentyl, sec-pentyl, neopentyl, 1,2 dimefhylpropyl, 
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isoamyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl, 
n-oetyl, 2-ethylb.exyl, n-nonyl, and a-decyl, 

[0188] C 3 -C 12 -cycloalkyl radicals, such as cyclopropyl, 
cyclobutyl, cyolopentyl, cyclohexyl, cycloheptyl, cyclooc- 
ly], cyclononyl, cyclodecyl, cycloundecyl, and cyclodode- 
cyl; preference is given to cyolopentyl, cyclohexyl, and 
cycloheptyl. 

[0189] Each of the radicals R in Al(OR) 3 or Ti(OR) 4 is 
preferably identical and selected from isopropyl or 2-ethvl- 
hcxyl. 

[0190] Examples of preferred acidic organometallic cata- 
lysts are selected from dialkyltin oxides R,SnO, where R is 
defined as above. A particularly preferred representative 
compound for ocidic organometallic catalysts is di n butyl 
tin oxide, which is commercially available as "oxo-tin", or 
di-n-butyltin dilaurate, 

[0191] Preferred acidic organic catalysts are acidic organic 

compounds having, by way of example, phosphate groups, 

sulfonic acid groups, sulfate groups, or phosphonic acid 
groups. Particular preference is given to sulfonic acids, such 
> par. u u i illume acid. Acidic ion exchangers may 
also be used us acidic organic cwalvsk, e.ir, polystyrene 
resin =nmprising stilfonii icid groups md Crosslin ed with 
about 2 mol % of divinylbenzene. 
[0192] It is also possible to use combinations of two or 
tOOK of the ihovcmcntioncd catalysts It is also possible to 
use an in nohil ed form of thuseorganic orurganoiiietallic, 
or else inorganic catalysis which take the form of discrete 

molecules. 

[01 93] 1 r the intention is to use acidic inorganic, organo- 
metallic, or organic catalysts, according to the invention the 
amount used is from 0. 1 to 10% by weight, preferably from 
0.2 to 2% by weight, of catalyst. 

[0194] The inventive process is carried out under inert gas, 
e.g. under carbon dioxide, nitrogen, or a noble gas, among 
which mention may particularly be made of argon. 
[0195] The inventive process is carried out at temperatures 
of from 60 to 200° C. It is preferable to operate at tempera- 
tures of from 130 to 180° C, in particular up to 150" C, or 
below that temperature. Maximum temperatures up to 145° 
C. are particularly preferred, and temperatures up to 135° C. 
are very particularly preferred. 

[0196] The pressure conditions for the inventive process 
are not critical per se. It is possible to operate at markedly 
reduced pressure, e.g. at from 10 to 500 mbar. The inventive 
process may also be carried out at pressures above 500 mbar. 
A reaction at atmospheric pressure is preferred for reas ons of 
simplicity; however, conduct at slightly increased pressure is 
also possible, e.g. up to 1200 mbar. It is also possible to 
operate at markedly increased pressure, e.g. at pressures up 
to 10 bar. Reaction at atmospheric pressure is preferred. 

[0197] The reaction time for the inventive process is 
usually from 10 minutes to 25 hours, preferably from 30 
minutes to 10 hours, and particularly preferably from one to 

8 hoars. 

[0198] Once the reaction has ended, the Mgh-functioiiality 
hyperbranched polyesters can easily be isolated, e.g. by 
removing the catalyst by filtration and concentrating the 


ried out at reduced pressure. Other work-up methods with 
good suitability are precipitation after addition of water, 
followed by washing and drying. 

[0199] Component B2) can also be prepared in the pres- 
ence of enzymes or decomposition products of enzymes 
(according to DE-A 101 63163). For the purposes of the 
present invention, the term acidic organic catalysts does not 
include the dicarboxylic acids reacted according to the 
invention, 

[0200] It is preferable to use lipases or esterases. Lipases 
and esterases with good suitability are Candida cylmdracea, 
Candida Upolytica, Candida rugosa, Candida anlarctica, 
Candida utilis, Ckromobacterium viscosum, Geolrichum 
viscosum, Geotrichum candidum, Mucor javanicus, Mucor 
mihei, pig pancreas, pseudomonas spp., pseudomonas fluo- 
resces, Pseudomonas cepacia, Rkizopus arrhizus, Rhizo- 
pus delemar, Rkizopus niveus, Rhizopus oryzae, Aspergillus 
niger, Penicillium roquefortii, Peninll'm-i ■ im> mberli ot 

esterases funu Buciflus spp. and BuciUui ihcrmu^iuiitsidu- 

sius. Candida anlarctica lipase B is particularly preferred. 
The enzymes listed are commercially available, for example 
from Novozymes Biotech Inc., Denmark. 
[1)2111] The enzyme Is preferably used in immobilized 
form, for example on silica gel or l^watit®. Processes for 
immobilizing enzymes are known per se, e.g. from Kurt 
Faber, "Biotransfonnations in organic chemistry", 3rd edi- 
tion 1997. Stringer Ver1a E , Chapter 3.7 "Immobilization" 
pp. 345-356. Immobilized enzymes are commercially avail- 
able, for example from Novozymes Biotech Inc., Denmark. 

[0202] The amount of immobilized enzyme used is from 

0 1 to 20% by weight, in pjirtir-irW trran 1(1 to 1W, hy 

weight, based on the total weight of the starting materials 
used and to be reacted. 

[0203] The inventive process is carried out at temperatures 
above 60" C. It is preferable to operate at toinperu of 
100" C. or below that temperature. Preference is given to 
temperatures up to 80" C, very particular preference is 
given to temperatures of from 62 to 75° C, and still more 
preference is given to temperatures of from 65 to 75° C. 
[0204] The inventive process is carried out in the presence 
of a solvent. Examples of suitable compounds are hydro- 
carbons, such as paraffins or aromatics. Particularly suitable 
paraffins are n-heptane and cyclohexane. Particularly suit- 
able aromatics are toluene, ortho-xylene, meta-xylene, para- 
xylene, xylene in the form of an isomer mixture, ethylben- 
zene, chlorobenzene and orfho- and meta-dichlorobenzene. 
Other very particularly suitable solvents are: ethers, such as 
diuNane or ielrahydroAnan, and ketones, such as methyl 
ethyl ketone and methyl isobutyl ketone, 

[0205] The amount of solvent added is at least 5 parts by 
weight, based on the weight of the starting materials used 
and to oe reacted, preferably at least 50 parts by weight, and 
particularly preferably at least 100 parts by weight. Amounts 
of more than 10 000 parts by weight of solvent are unde- 
sirable, because the reaction rate decreases markedly at 
markeHry Wer enncenrratinns, giving unemnnmirally long 

[0206] The inventive process is carried out at pressures 
ahove 500 mbar. Preference is given to the reaction at 
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example at up to 1200 mbar. It is also possible to operate 
under markedly increased pressure, for example at pressures 
up to 10 bar. The reaction at atmospheric pressure is 
preferred. 

[0207] The reaction time for the inventive process is 
usually from 4 hours to 6 days, preferably from 5 hours to 
S days, and particularly preferably from 8 hours to 4 days. 
[0208] Once the reaction has ended, the high-functionality 
hyperbranched polyesters can be isolated, e.g. by removing 
the enzyme by filtration and concentrating the mixture, the 
concentration process here usually being carried out at 
reduced pressure. Other work-up methods with good suit- 
ability are precipitation after addition of water, followed by 
washing and drying, 

[0209] The Mgh-functionality, hyperbranched polyesters 
obtainable by the inventive process feature particularly low 
cor. ills of discoli ed and resinified material. For the defi- 
,it ii ii hyi rh ii died polymers, see also: P. I Flnry, J. 
Am. Chem. Soc. 1952, 74, 2718, and A. Sunder et al., Chetn. 
Eur. J. 2000, 6, no. 1, 1-8. However, in the context of the 
present invention, "high-functionality hyperbranched" 
means that I he degree of branching, i.e. the average number 
of dendritic linkages plus the average number of end groups 
per molecule is from 10 to 99.9%, preferably from 20 to 
99%, particularly preferably from 50 to 90% (sec in this 
connection I I. Prey el al. Acta Polym. 1997, 48, 30). 
[021 UJ The inventive polyesters have a molar mass M, v ot 
from 500 lo 50 000 g/mol, preferably from 1000 to 20 000 
g/mol, particularly preferably from 1000 to 19 000 g/mol. 
The polydispersil; is from 1.2 to 50, preferably from 1.4 to 
40 -i . ■ lai y pi -i.-i.ibly from 1.5 to 30, and very particu- 
larly preferably from 1.5 to 10. They are usually very 
soluble, i.e. clear solutions can be prepared using up to 50% 
1 >y B Jit, in some cases even up to 80% by weight, of the 
inventive polyesters in tetrahydrofuran (THF), n-butyl 
acetate, ethanol, and numerous other solvents, with no gel 
particles detectable by the naked eye. 
[0211] The inventive high-fvmctionahty hyperbranched 
polyesters are carboxy-temtinated, carboxy- and hydroxy- 
termiriated, and preferably hydroxy-torrninated. 

[0212] The ratios of the components Bl): B2) are prefer- 
ably from 1:20 to 20:1, in particular from 1:15 to 15:1, and 
very particularly from 1:5 to 5:1 when used in a mixture. 
[0213] The inventive molding compositions may cam- 
prise, as component C), from 0 to 60% by weight, in 
particular np to 50% by weight, of other additives and 
processing aids, 

[0214] The inventive molding compositions may com- 
prise, as component C), from 1 to 5000 ppm, preferably 
from 10 to 1000 ppm, and in particular from 50 to 500 ppm, 
of a Cuff) salt, preferably of a Cuff) halide, in particular in 
a mixture with an alkali metal halide, preferably KJ. 

[0215] The monovalent copper salts used preferably com- 
prise copper(i) acetate, coppenT) chloride, copper© bro- 

spond to from 5 to 500 ppm of copper, preferably from 10 
to 250 ppm, based on polyamide. 

[0216] The advantageous properties are in particular 
obtained if the copper has molecular dispersion within the 


polyamide. This is achieved by adding, to the molding 
composition, a concentrate comprising the polyamide and 

comprising a monovalent copper salt and comprising an 
alkali metal halide in the form of a solid, homogeneous 
solution. By way of example, a typical concentrate is 
composed of from 79 to 95% by weight of polyamide and 
from 21 to 5% by weight of a mixture composed of copper 
iodide or copper bromide and potassium iodide. The con- 
centration of copper in the solid homogeneous solution is 
preferably from 0.3 to 3% by weight, in particular from 0.5 
to 2% by weight, based on the total weight of the solution, 
and the molar ratio of copper(I) iodide to potassium iodide 
is from 1 to 11.5, preferably from 1 to 5. 

[0217] Suitable polyamides for the concentrate are 
homopolyarnidca and copolyamides, in particular nylon-6 
and nylon-6,6. 

[0218] The inventive molding compositions may com- 
prise, as component C), from 0 to 5% by weight, preferably 

from 0.05 to 3% by weight, and in particular horn 0. 1 to 2% 
by weight, of at least one ester or amide of saturated or 
unsaturated aliphatic carboxylic acids having from 10 to 40, 
preferably from 16 to 22, carbon atoms with aliphatic 
saturated alchohols or amines having from 2 to 40. prefer- 
ably from 2 to 6, carbon atoms. 

[02 19] '1 Tie carboxylic acids may be monobasic or dibasic. 
Examples which may be mentioned are pelargonk acid, 
palmitic acid, laurie acid, maqtaric acid, dodecanedioic acid, 
hebenic ncid. and particularly preferably stearic acid, esprit 
id nd i irk; odd (am lire ti; ickhjrvini 
from 30 to 40 carbon atoms). 

[0220] The aliphatic alcohols may be mono- to tetrahy- 
dric. Examples of alcohols are n-butanol, n-oclunol. slearyl 
alcohol, ethylene glycol, propylene glycol, neopcnlyl glycol 
pentaetythritol, preference being given t dycoi jdpcu 
toerythritol. 

[0221] The aliphatic amines may be mono-, di- or tri- 
amines. Examples of these are stearylamine, ethylenedi- 
amine, propylenediamine, hexametuylenediamine, di(6- 
artmiohexyl)atnine, particular preference being given to 
ethylenedlamine and hexamemylenediarnirte. Correspond- 
ingly, preferred esters or amides are glyceryl distearate, 
glyceryl tristearate, ethyieuediarnuie distearate, glyceryl 
monopalmitate, glyceryl trilaurate, glyceryl monobehenate, 
and pentaerythrityl tetrastearate. 

[0222] It is also possible to use mixtures of various esters 
or amides, or esters with amides combined, the mixing ratio 
here being as desired. 

[0223] Examples of amounts of other usual additives (J) 
are up to 40% by weight, preferably up to 30% by weight, 
of elastomeric polymers (also often termed impact modifi- 
ers, elastomers, or rubbers). 

[0224] t hese are very generally copolymers which have 
preferably been built up from at least two of the following 
monomers: ethylene, propylene, butadiene, isobutene, iso- 
prene, chloroprene, vinyl acetate, styretie, acrylonitrile and 
acrylates and/or methacrylates having from 1 to 18 carbon 
atoms in the alcohol component. 

[0225] Polymers of this type are described, for example, in 
Houben-Wey], Methoden derorganischenChemie, Vol. 14/1 
(Gaorg -Thieme Verlag, Stuttgart, Germany, 1961), pages 
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392-406, and in the: 

ened Plastics" (Applied 
1977). 


where R 1 to R 9 are hydrogen or alkyl groups having from 1 
to 6 carbon atome, and m is a whole number from 0 to 20, 
g is a whole number from 0 to 10 and p is a whole number 


[0227] Preferred types of such elastomers are those known 
as ethylene-propylene (EPM) and ethylene-propylene-diene 
(EPDM) rubbers. 

[0228] EPM rubberc generally have practically no residual 
double bonds, whereas EPDM rubbers may have from 1 to 
20 double bonds per 100 carbon atoms. 

[0229] Examples which may be mentioned of diene mono- 
mers for EPDM rubbers are conjugated dienes, such as 
isoprene and butadiene, non-conjugated dienes having from 
5 to 25 carbon atoms, such as 1,4-pentadiene, 1,4-hexadiene, 
[,5-hexadiene, 2,5-dirnethyi-l,5-hexadiene and 1,4-octadi- 
ene, cyclic dienes, such as cyclopentadiene, cyclohexa- 
dienes, cyclooctadienes and dicyclopentadiene, and also 
alkcnylnorbornenes, such as 5-ethylidene-2-norbornene, 
5-bulylidene-2-norbomene, 2-metbaIlyl-5-norbomene and 
-isop i - i ' i rnene, and tricyclodienes, such as 
3-mcaiyltricyclo[5.2.1.o : '' 6 ]-3,8-dccadicnc, and mixtures of 
these. Preference is given to 1,5-hexadiene, 5-ethylidenenor- 
bornene and dicyclopentadiene. The diene content of flic 
EPDM rubbers is preferably from 0.5 to 50% by weight, in 
particular from 1 to R%hjp weight based nn the total weight 
of the rubber. 

[0230] FPM and P.PDM rubbers may preferably also have 
been grafted with reactive carboxylic acids or with deriva- 
tive.!-: of mesa Examples of thorn are acrylic acid, moth 
acryiic acid and derivatives Ihercof, e.g. glycidyl(meth)acry- 
late, and also maleic anhydride. 

[0231] Copolymers of ethylene with acrylic acid and/or 
mcOiacrylic acid and/or with the esters of these acids are 
another group of preferred rubbers. The rubbers may also 
comprise dicarboxylic acids, such as maleic acid and 
fumaric acid, or derivatives of these acids, e.g. esters and 
anhydrides, and/or monomers comprising epoxy groups. 
These monomers comprising dicarboxylic acid derivatives 
or comprising epoxy groups are preferably incorporated into 
the rubber by adding to the monomer mixture monomers 
comprising dicarboxylic acid groups and/or epoxy groups 
and having the general formulae I, II, III or IV 


R'C(COOR 2 )=C(COOR 3 )R* 



[0232] R 1 to R 9 are preferably hydrogen, where m is 0 or 
1 and g is 1 . The corresponding compounds are maleic acid, 
fumaric acid, maleic anhydride, allyl glycidyl ether and 
vinyl glycidyl ether. 

[0233] Preferred compounds of the formulae I, II and IV 
are maJeic acid, maleic anhydride and (methjacryiates com- 
prising epoxy groups, such as glycidyl acrylate and glycidyl 
methacrylate, and the esters with tertiary alcohols, such as 
tert-butyl acrylate. Although the latter have no free carboxy 
groups, their behavior approximates to that of the free acids 
and they are therefore termed monomers with latent carboxy 


[0234] The copolymers are advantageously composed of 
from 50 to 96% by weight of ethylene, from 0.1 to 20% by 
weight of monomers comprising epoxy groups and/or meth- 
acrylic acid and/or monomers comprising anhydride groups, 
the rema inin g amount being (meth)acrylates. 

[0235] Particular preference is given to copolymers com- 


from 0. 1 to 40% by weight, in particular from 0.3 to 20% by 
weight, of glycidyl acrylate and/or glycidyl methacrylate, 
(meth)acrylic acid and/or maleic anhydride, and 


[0238] The ethylene copolymers described above may be 
prepared by processes Known per se, preferably by random 
copolymerization at high pressure and elevated temperature. 
Appropriate processes are well-known. 

[0239] Other preferred elastomers are emulsion polymers 
whose preparation is described, for example, by Blackiey in 
the monograph "Emulsion Polymerization". The emulsifiers 
and catalysts which can be used are known per se. 

[0240] In principle it is possible to use homogeneously 
structured elastomers or else those with a shell structure. The 
shell-type structure is deterrroined by the sequence of addi- 
tion of the individual monomers. The morphology of the 
polymers is also affected by this sequence of addition. 

[0241] Monomers which may be mentioned here, merely 
as examples, for the preparation of the rubber fraction of the 
elastomers are acrylates, such as n-butyl acrylate and 2-eth- 
ylhexy] acrylate, corresponding methacrylates, butadiene 
and isoprene, and also mixtures of these. These monomers 
may be copolymerized with other monomers, such as sty- 
mie, acrylonitrile, vinyl ethers and with other acrylates or 
methacrylates, such as methyl methacrylate, methyl acry- 
late, ethyl acrylate or propyl acrylate. 
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[0242] The soft or rubber phase (with a glass transition 
temperature of below 0° C.) of the elastomers may be the 
core, the outer envelope or an intermediate shell (in the case 
of elastomers whose structure has more than two shells). 
Elastomers having more than one shell may also have more 
than one shell composed of a rubber phase. 
[0243] If one or more hard components (with glass tran- 
sition temperatures above 20° C.) are involved, besides the 
rubber phase, in the structure of the elastomer, these are 
generally prepared by polymerizing, as principal monomers, 
etyreae, acrylonitrile, methacrykmitrile, ct-methylctyrene, 
p-methylstyrene, or acrylates or methacrylates, such as 
methyl acrylate, ethyl acrylate or methyl methacrylate. 
Besides these, it is also possible to use relatively small 
proportions of other comonomers. 

[0244] It has proven advantageous in some cases to use 
emulsion polymers which have reactive groups at their 
surfaces. Examples of groups of this type are epoxy, car- 
boxy, intent carboxy, amino and amide groups, and also 

u tietivn ul i f which may be introduced by concomitant 
use of monomers of the general formula 


[0245] R 10 is hydrogen or C,-C 4 -alkyl, 

or C[ -C 8 -alkyl or nryl, in pe 


[0255] It is also possible to use the monomers known ai 
graft-linking monomers, i.e. monomers having two nr mm 
polymerizable double bonds which react at different rates 
during the polymerization. Preference is given to the use of 
compounds of this type in which at least one native mum 


polymerizes at about the same rate as the other monomers, 
while the other reactive group (or reactive groups), for 
example, polymerize(s) significantly more slowly, the dif- 
ferent polymerization rates give rise to a certain proportion 
of unsaturated double bonds in the rubber. If another phase 
is then grafted onto a rubber of this type, at least some of the 
double bonds present in the rubber react with the graft 

"o form chemical bonds, i.e. the phase grafted on 

some degree of chemical bonding to the graft 


[0256] Examples of graft-iinking monomers of this type 
are monomers comprising aliyl groups, in particular allyl 
esters of eihylenically unsaturated carboxylic acids, for 
example allyl acrylate, ally] methacrylate, diallyl maleate, 
diailyl lumarate and diallyl itaconate, and the corresponding 
monoallyl compounds of these dicarboxylic acids. Besides 
these there is a wide variety of other suitable graft-linking 
monomers. For former details reference may be made here, 
for example, to U.S. Pat. No. 4,148,846. 
[0257] The proportion of these cross linking monomers in 
the impact-modifying polymer is generally up to 5% by 
weight, preferably not more than 3% by weight, based on the 
impact-modifying polymers. 

[0258] Some preferred emulsiun polymers are listed 
below. Meutiou may first be made here of graft polymers 
with a cure and with tit least erne outer shell, and having the 
following stmcture: 


Type Monomers for the co 


[0250] Yis 0-ZorNH-Z,and 

[0251] Z is C L -C la -alkylene or C 0 -C 12 arylane. 


[0253] Other examples which may be mentioned are acry- 
lamide, methacrylamide and substituted acrylates or meth- 
acrylales, such as (N-tert-butylamino lethyl meth.icrylate. 
(N,N-dimethylamino)ethyl acrylate, (N,N-dimethylami- 
no)methvl acrvlate and <N,N-diemylanuno)ethyl acrylate. 
[0254] The particles of (he rubber phase may also have 
been crosslinked. Examples of crosslinking monomers are 
1,3-butadiene, divinylberrzene, diallyl phthalate and dihyd- 



[0259] Instead of graft polymers whose structure has more 
than one shell, it is also possible to use homogeneous, i.e. 
single-shell, elastomers composed of 1,3 -butadiene, iso- 
prene and n-butyl acrylate or from copolymers of these. 
These products, too, may be prepared by concomitant use of 

[0260] Examples of preferred emulsion polymers are 
n-butyl acrylate-(meth)acrylic acid copolymers, n-butyl 
araylate-glycidyl acrylate or n-butyl acrylate-glycidyl meth- 
acrylate copolymers, graft polymers with an inner core 
composed of n-butyl acrylate or based on butadiene and with 
an outer envelope composed nf the above-mentioned 
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copolymers, and copolymers of ethylene with comonomers 

[0261] The elastomers described may also be prepared by 
other conventional processes, e.g. by suspension polymer- 
ization. 

[0262] Preference is also given Lu silicone rubbers, as 
described in DE-A 37 25 576, EP-A 235 690, DE-A 38 00 
603 and EP-A 31 9 290. 

[0263] It is, of course, also possible to use mixtures of the 
typc3 of rubber listed above. 

[0264] Fibrous or particulate fillers C) which may be 
mentioned are carbon fibers, glass fibers, glass beads, amor- 
phous silica, calcium silicate, calcium metasilicate, magne- 
sium carbonate, kaolin, chalk, powdered quartz, mica, 
barium sulfate and feldspar, used in amounts of up to 50% 
by weight, in particular up to 40% by weight. 
[0265] Preferred fibrous fillers which may be mentioned 
»n c irh< in i,\ i ;, ,i>rnid fibers and potassium titanate fibers, 
and particular preference is given to glass fibers jn the form 
of E glass. These may be used as rovings or in the com- 
mercially available forms of chopped glass. 

[0266] 'the fibrous fillers may have been surface-pre- 
treated with a silane compound to improve compatibility 
Willi the thermoplastic. 

[0267] Suitable silane compounds have the general for- 


(X-iCHJJ^-Si-CO-C^I^,^ 
[0268] Xis 



[0269] n is a whole number from 2 to 10, preferably 3 to 
4, 

[0270] m is a whole number from 1 to 5, preferably 1 to 


[0271] k is a whole number from 1 to 3, preferably 1 . 

[0272] Preferred silane cumpuuuus are aminoprupyhri- 
methoxysilane, ammobutyltrimefhoxysilane, aminopropyl- 
triethoxysilane and aminobutyltriethoxysilane, and also file 
corresponding silanes which comprise a glycidyl group as 
substituent X. 

[0273] The amounts of the silane compounds generally 
used for surface-coating are from 0.05 to 5% by weight, 
preferably from 0.5 to 1 .5% by weight and in particular from 
0.8 to 1% by weight (based on C), 
[0274] Acicular mineral fillers are also suitable. 
[0275] For the purposes of the invention, acicular mineral 
fillers are mineral fillers with strongly developed acicular 
character. An example is acicular wollastonite. The mineral 
preferably has an UD (length to diameter) ratio of from 8: 1 
to 35:1, preferably from 8:1 to 11:1. The rnineral filler may, 
if appropriate, have been preheated with the abnvemen- 
tioned silane compounds, but the pretreatment is not essen- 
tial. 


[0276] Other fillers which may be mentioned are kaolin, 
calcined kaolin, wollastonife, wit*- and chalk, and also lamel- 
lar or acicular nanofillers, the amounts of these preferably 
being from 0.1 to 10%. Materials preferred for this purpose 
are boehmite, bentonite, montmorillonite, vermiculite, hec- 
torite, and laponite. The lamellar nanofillers are organically 

ibility with the organic binder. Addition of the lamellar or 
acicular nanofillers to the inventive nanocomposites gives a 
further increase in mechanical strength. 

[0277] As component C), the thermoplastic molding com- 
positions of the invention may comprise usual processing 
aids, such as stabilizers, oxidation retarders, agents to coun- 
teract decomposition due to heat and decomposition due to 
ultraviolet light, lubricants and mold-release agents, colo- 
rants, such as dyes and pigments, nucleating agents, plasti- 
cizers, flame retardants, etc. 

[0278] Examples which may be mentioned of oxidation 
retard r and heat stabilizers are steriea ; lu Ju ■ ph nols 

aromatic secondary amines, such as diphenylarnines, vari- 
ous substituted members of these groups, and mixtures of 
these in concentrations of up to 1% by weight, based on the 
weight of the thermoplastic molding compositions. 
[0279] 13V stabilizers which may be mentioned, and are 
generally used in amounts of up to 2% by weight, based on 
the molding composition, are various substituted rcsorci- 
nols, salicylates, benzotriazolcs, and benzophenoncs. 
[0280] Colorants which may be added are inorganic pig- 
men!:;, such as titanium dioxide, uilrairiariue blue, iron 
oxide, and carbon black, and also organic pigments, such as 
phlhidocvYinii , |uinneridones nnd perylenes and also 

dyc5, sutll as nigruskic and anthra^uinonts. 

[0281] Nucleating agents which may b( used in sodium 
phenylphosphinate, alumina, silica, and preferably talc. 
[0282] Other lubricants and mokl-;ek agents are usu 
ally used in amounts of up to 1% by weight. Preference is 
given to long-chain fatty acids (e.g. stearic acid or behenic 
acid), salts of these (e.g. calcium stearate or zinc stearate) or 
montan waxes (mixtures of straight-chain saturated car- 
boxylic acids having chain lengths of from 28 to 32 carbon 
atoms), or calcium montanate or sodium montanate, or 
low-molecular-weight polyethylene waxes or low-molecu- 
lar-weight polypropylene waxes. 

[0283] The inventive thermoplastic molding compositions 
may be prepared by methods known per se, by mixing the 
starting components in conventional mixing apparatus, such 
as screw extruders, Brabender mixers or Banbury mixers, 
and then extruding them. The extrudate may then be cooled 

components and then to add the remaining starting materials 
individually and/or likewise in a mixture. The mixing tem- 
pcraturcs are generally from 230 to 320° C. 
[0284] In another preferred procedure, components B) 
and, if appropriate, C) may be mixed with a prepolymer, 
compounded, and pelletized. The resultant pellets are then 
solid-phase condensed under an inert gas, continuously or 
batchwise, at a temperature below the melting point of 

The inventive thermoplastic molding compositions feature 
good flowability together with good mechanical properties. 
[0285] In particular, the individual components can be 

processed without difficulty (without clumping or caking) 
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and in short cycle times, so that a particular possible 
application thereof is thin-wall components. 

[0286] Improved-flow polyamides could be used in almost 
any injection-molding application. Improved flow allows 
lower melt temperature and can therefore lead to a marked 
reduction in the overall cycle time for injection molding 
(reduction in production costs for an injection molding!). 
Furthermore, the injection pressures needed during process- 
ing are lower, thus requiring lower total locking force on the 
injection mold (less capital expenditure on the injection- 
molding machine). 

[0287] Alongside the improvements in the injection-mold- 
ing process, lowering of melt viscosity can lead to signifi- 
cant advantages in the actual design of the component. For 
example, injection molding can be used to produce thin- 
walled applications which, by way of example, were not 
hitherto capable of production using filled grades of polya- 
mide. Similarly, by using grades of polyamide which are 
reinforced but relatively free-flowing could reduce wall 
thicknesses in existing applications, and therefore reduce 
component weight. 

[0288] These materials are suitable for production of 
fibers, foils, or moldings of any type. Some examples are 

[0289] Iniproved-ilow polyamides can be used in the 
electrical and electronics sector to produce plugs, plug 
components, plug connectors, cable harness components, 

circuit moitnli:, circuit-mount components, three-dimen^ion- 

aily injection-molded circuit mounts, electrical connector 
elements, or mechatronic components. 

[0290] Possible uses in automobile interiors are dash- 
boards, steering-column switches, seat components, tiead- 
rests, center consoles, gearbox components, and door mod- 
tiles, and possible uses in automobile exteriors are door 
handles, exterior-mirror components, windshield-washer 
components, windshield-washer protective housings, grills, 
roof rails, sunroof frames, engine covers, cylinder-head 
covers, inlet manifolds, windshield wipers, and exterior 
bodywork parts. 

[0291] In the kitchen and household sector, improved-flow 
pn1yamid«s can hi- nwii rn produce components for kitchen 

machines, e.g. fryers, smoothing irons, buttons, and appli- 
cations in the garden and leisure sector, e.g. components for 
irrigation systems or garden machines, and door handles. 


EXAMPLES 
[0292] The following components were usea: 
Component A/1 : 

[0293] Nylon-6 (polycaprolactam) with a viscosity num- 
ber VN of 150 ml/g, measured in the form of a 0.5% strength 
by weight solution in 96% strength by weight sulfuric acid 
at 25° C. to ISO 307 (the material used being Ultramid® B3 
from BASF AG). 
Component A/2: 

[0294] Nylon-6T/6 (70:30) with a viscosity number VN of 
135 ml/g, measured in the form of a 0.5% strength by weight 
solution in 96% strength by weight sulfuric acid at 25° C. to 
ISO 307 (the material used being Ultramid® KTR 4350 
from BASF AG). 
Component B 
[0295] Polycarbonates Bl 
[0296] General operating specification: 
[0297] The polyhydric alcohol, diethyl carbonate, and 
catalyst (250 ppm, batted on weight »I ul < "> .1 v r - i s 
initial charge in a three-necked flask equipped with stirrer, 
reflux condenser, and internal thcxracmeler. the amounts in 
the mixture being as in table 1, and the mixture wa t ste 1 
to 120° C. and stirred at this temperature for 2 h. The 
temperature of the reaction mixture reduced here as the 
reaction proceeded, because of onset of evaporative cooling 
by the ethanol liberated. The reflux condenser was then 
replaced by an inclined condenser and, based on the equiva- 
lent amount of catalyst, one equivalent of phosphoric acid 
was added, the ethanol was removed by distillation, and the 
temperature of the reaction mixture was incre scd <1 wlvto 
160° C. 

[0298] The alcohol removed hy distillation wa collected 
in a cooled round-bottomed flask and weighed, and conver- 
sion was thus determined and compared in percentage terms 
with the full conversion theoretically possible (see table 1). 
[0299] The reaction products were then analyzed by gel 
permeation chromatography, using dimethylacetamide as 
eluent and polymethyl methacrylate (PMMA) as standard, 

[03uU] Glaee transition temperature and, respectively, 
melting point were determined by DSC (differential scan- 
ning calorimetry) to ASTM 3418/82, evaluating the second 
heating curve. 


TABLE 1 



TMP = Tiiiaethyiolpropane 
EO - Ethylene oxide 
PO = Propylene oxide 
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[0301] 20OJ g (13 mol) of cyclohexane-i,2-dicarboxylic 
anhydride and 997 g (10.8 mol) of glycerol were used as 
initial charge in a 4 1 jacketed reactor equipped with stirrer, 


with cold trap. After addition of 3 g of 
di-n-butyltin oxide, the mixture was heated to an internal 
temperature of 1 50° C. with the aid of an oil bath. A reduced 
pressure of 140 mbar was applied in order to remove water 
formed during the reaction. The reaction mixture was kept at 
the stated temperature and the stated pressure lor 12 hours. 
Cooling to room temperature gave the solid polyester. The 
analytical data are given in table 2. 
Component B 2/2 

[0302] 60 g (0.41 mol) of adipic acid and 89 g (0.34 mol) 
of tris(hydroxyethyl)isocyanurate (THEIC) were used as 
initial charge in a 250 ml four-necked glass flask equipped 
with stirrer, internal thermometer, gas-inlet tube, reflux 

condense* ami >acuum cunncfctiun with culd liap. Afici 

addition of 0.3 ml of sulfuric acid (2% aqueous solution), the 
mixture was heated to an internal temperature of from 125 
to 135° C. with the aid of an oil bath. A reduced pressure of 
rrom 100 to 180 mbar was applied in order to remove water 
formed i luri on. the reaction. The reaction mixture was kept at 
the stated temperature and the stated pressure for 10 hours. 
A further 6R.2 g (0.26 mol) of TIIEIC were then added and 
the reaction was kept for a further 4 hours at the stated 
temperature and the stated pressure. Cooling to room tem- 
perature pave the solid polyester. The analytical data arc 
given in table 2. 
Component B 2/3 

[0303] 116.5 g (U.o mat) of dimethyl terephtbalate (DMT) 
and 335 g (0.5 mol) of elhoxylated tris(hydroxymethyl)pro- 
pane, molar mass 670 g/mol, were used as initial charge in 
a I ! reaction vessel equipped with stirrer, internal thermom- 


tion with cold trap. After addition of 0.45 g of di-n-butyltin 
oxide, the mixture was heated to an internal temperature of 
from 1 50 to 1 55° C. with the aid of an oil bath, at a reduced 
pressure of 140 mbar. Methanol formed during the reaction 
was removed by distillation. The reaction mixture was kept 
at the stated temperature and the stated pressure for 3 hours. 
Cooling to room temperature gave the polyester in the form 
of a clear, low-viscosity liquid. The analytical data are given 
in table 2. 


differential scanning calorimctry (DSC) evaluating the sec- 
ond heating curve. Acid number and hydroxy number were 
determined to DIN 53240, Part 2. 

Preparation of Molding Compositions for Constitutions with 


[0306] Components A) and B) were blended at from 250 
to 260 6 C. in a twin-screw extruder and extruded into a water 
bath. Alter pelleilzalion and drying, VN and MVR were 
determined on the pellets. 

Preparation of Molding Compositions for A/2 

[0307] Components A) and B) were blended at from 320 
to 330° C. in a twin-screw extruder and extruded into a water 
bath. After pelletization and drying, VN and MVR were 
determined on the pellets 

[0308] MVR was determined to ISO 11 33 (at 275° C, 
melting time: 8 min, 5 kg), and for A/2 at 325° C, melting 
time: 4 min., and 5 kg, and VN was determined to ISO 307 
{at c-5 g/1 in 96% strength sulfuric aoid). 

[03 09] The variables E, a, e, ak, and an wet 
ISO 527 and 179 1 eA, and also 179 1 eV. 


[% by weight] [% by weigM] [jnl/g] [ml/Id mill] 


(gftnoi) (°C.) KOHYg) KOH/g) 


Analysis of Inventive Polyesters 

[0304] The polyesters were analyzed by gel permeation 
chromatography, using a refractometer as detector. The 
mobile phase used was tetrahydrofuran and the standard 
used to determine molecular weight was polymethyl meth- 
acrylatc (PMMA). 


US 2008/0015303 Al 


18 


Jan. 17, 2008 



1. A thermoplastic molding composition, comprising: 

A) from 1 0 to 99% by weight of at least one thermoplastic 
polyamide; 

B) from 0.01 to 50% by weight of 

BI) at least one highly branched or hyperbranched poly- 
carbonate with an OH number of from 1 to 600 mg 
KOH/g of polycarbonate (DIN 53240, Part 2), or 

B2) at least one highly branched or hyperbranched poly- 
ester of A^ type, where x is at least 1.1 and y is at 
least 2.1, or a mixture of these; and 

C) from 0 to 60% by weight of other additives; 
wherein the total of the percentages by weight of com- 
ponents A) to C) is 100%. 

2. The ihermo !. In u. Ming i n » ilioj ceurding to 

claim 1, wherein component Bl) has a numkr-avcragc 

molar mass Mn of from 100 to 15 000 g/mol. 

3. The thermoplastic molding composition according to 
claim 1, wherein component Bi) has a glass transition 
temperature Tg of from -80° C. to 140° C. 

4. The thermoplastic molding composition according to 
claim 1, wherein component Bl) has a viscosity (mPas) at 
23° C. (DIN 53019) of from 50 to 200 000. 

5. The thermoplastic molding composition according to 
claim 1, wherein component D2) has a number-average 
molar mass Mn of from 300 to 30 000 g/mol. 

6. The thermoplastic molding composition according to 
claim 1, component B2) has a glass transition temperature 
Tg of from -50 to 140° C. 

7. The thermoplastic molding composition according to 
claim 1, wherein component D2) has an OH number (DIN 
53240) of from 0 to 600 mg KOH/g of polyester. 

8. The thermoplastic molding composition according to 
claim 1, wherein component B2) has a COOH liumuei (DIN 

53240) of from 0 to 600 mg KOH/g of polyester. 

9. The thermoplastic molding composition according to 
claim 1, wherein component B2) has at least one OH number 
or COOH number greater than 0. 


10. The thermoplastic molding composition according to 
claim 1, wherein the ratio of components B1):B2) is from 
1:20 to 20:1. 

11. (canceled) 

12. A fiber, a foil, or a molding, obtainable from the 
thermoplastic molding composition according to claim 1. 

13. A method of making a fiber, foil, or molding, the 
method comprising: 

preparing a thermoplastic molding composition according 
to claim 1; and 

forming a fiber, foil, or molding from the thermoplastic 

14. The thermoplastic molding composition according to 
bim - u In rein crimp en RJ) has gl > Iran i ion 

temperature Tg of from -80" C. to 140° C. 

l"i 1 'i i oplastic moldi m tioil a ^tdi i 
claim 2, wherein component 131) ha a vise sky (inPr.s nt 
23" C. offrom50to200 000. 

16. The thermoplastic molding composition according to 
claim 3, wherein component Bl) has a viscosity (mPas) a1 
23" C. of from 50 to 200 000. 

17. The thermoplastic molding composition according to 
claim 2, wherein component B2) has a number-average 
molar mass Mn of from 300 to 30 000 g/mol. 

18. The thermoplastic molding composition according to 
claim 3, wherein component B2) has a number-average 
molar mass Mn of from 300 to 30 000 g/mol. 

19. The thermoplastic molding composition according to 
claim 4, wherein component B2) has a number-average 
molar mass Mn of from 300 to 30 000 g/mol, 

20. The thermoplastic molding composition according to 
claim 2, wherein component B2) has a glass transition 
temperature Tg of from -50 to 140° C. 

claim 3, wherein component B2) has a glass transition 
temperature Tg of from -50 to 140° C. 


